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SUMMARY 


This  docTUtent  calls  attention  to  the  need  for  assessing  and  solving 
ecological  probletcs  in  the  post* attack  environment  as  an  Integral  part 
of  Civil  Defense. 

Basic  ecological  principles  involving  food  chain  relationships, 
climax  growth,  biological  and  environmental  relatlonahips,  and  land 
manegeu«ent  are  considered. 

The  large-scale  damage  due  to  fire,  drought,  flood  and  other  things 
has  already  presented  the  world  with  problems  of  reconstruction  and 
reconstitution  of  biotic  comnunlties  which  are  similar  to  those  envisioned 
in  the  post- attack  environment.  The  only  qualitatively  new  element  in  the 
post*attack  situation  will  be  the  effects  of  radiation.  The  available 
information  on  this  subject  Is  sunnsrized  and  the  need  for  extensive 
further  research  Is  pointed  out. 
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I .  INTRODUCTION 


Tbl*  paper  Is  a  first  approach  to  the  "Civil  Defense  Problem"  and 
post-attack  recovery  and  Is  written  from  a  broad  ecological  point  of  vlew.^^^ 
It  is  a  point  of  view  ^ich  has  been  strangely  neglected  (although  many 
have  been  vaguely  concerned),  and  detailed  research  is  conspicuously 
absent.  Nevertheless  the  practical,  nomal,  everyday,  economic  necessity 
of  managing  biotic  ccMBSinitles  (forests,  croplands,  etc.)  has  provided  a 
group  of  skilled  people  and  a  body  of  knowledge  which  need  only  be  oriented 
toward  the  Civil  Defense  problems  concerned.  Significant  answers  to  many 
of  the  problems  raised  should  be  forthcoming  if  enough  effort  is  applied. 

Many  of  the  ecological  principles  underlying  the  problems  involved 
are  not  part  of  the  intellectual  equlpeient  of  people  ordinarily  concerned 
with  Civil  Defense  and  postwar  recovery.  Therefore  this  paper  will  attempt 
to  state  soBW  of  these  principles  within  the  context  of  the  more  iaMdlately 
significant  material. 

It  ie  worth  noting  that  much  of  this  paper  is  illustrative  rather  than 
analytical.  This  is  so  because  not  much  research  work  has  been  done  in 
ecology  as  it  relates  to  our  problem  of  postwar  recovery.  Yet  the 
"biological  economy"  is  Just  as  important  as  the  industrial  economy  (if 
not  more  so)  to  the  postwar  recovery  problem.  An  inventory  and  research 
effort  in  the  "biological  economy"  sector  should  be  instituted  at  a  level 
of  intensity  cosparable  to  that  going  on  in  the  industrial  economy.  The 
resources  of  the  agricultural  loreaus  of  federal  and  state  governments, 
as  well  as  academic  departments  in  agrictiltural  schools,  undoubtedly 
contain  infoimation  and  personnel  which  could  be  bnx^^t  to  bear  on  the 
problems  in  this  area.  The  Department  of  the  Interior,  the  Forestry 
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Service,  and  the  Army  Engineering  Corps  are  still  other  agencies  whose 
knowledge  and  skills  should  be  utilized.  One  can  envision  a  county- 
by-county  study  of  problems  related  to  flood  control,  land  use,  fire 
prevention  and  correction,  etc.,  which  would  lead  to  planning  and  physical 
preparation  that  would  olnlaize  the  effects  of  nuclear  war  on  our  biological 
resources. 
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II.  BASIC  ECOLOGY  AJfD  CIVIL  DEFENSE 

Ecology  may  be  defined  as  the  study  of  the  relationships  of  organlsras 
to  each  other,  along  vlth  the  effects  of  the  physical  and  chemical  en¬ 
vironment  on  these  relationships.  For  our  luiBedlate  purpose  ve  are 
Interested  in  hov  disturbances  caused  by  a  nuclear  attack  will  affect 
nan's  ability  to  exist  because  of  possible  failures  in  the  biological- 
environmental  complex.  An  analogy  vlth  natural  resources,  stockpiling, 
and  bottlenecks  in  our  Industrial  economy  Is  not  farfetched  ('’For  want 
of  a  nail  the  shoe  vas  lost ..."). 

There  is,  of  coxirse,  no  large  area  where  atomic  weapons  have  created 
severe  ecological  problems;  boveve^',  there  are  many  areas  where  the  end 
results  of  damage  have  created  situations  which  Involve  the  problems  of 
recover  with  ^Ich  we  are  concerned.  In  the  general  area  of  efficient 
uses  of  the  world's  resources  c  wealth  of  information  exists  which  will 
be  pertinent  to  the  problems  of  postwar  recovery  of  devastated  biotic 
environments.  Things  which  come  to  mind  In  this  regard  are  the  reclama¬ 
tion  of  deserts,  reconstitution  of  forests  after  fires,  range-management 
problems,  and  dust -bowl  recovery. 

Biologically,  life  may  be  regarded  as  consisting  of  a  spectrum  of 
increasingly  "higher”  levels  of  organisation:  (l)  protoplasm,  (2)  cells 
(3)  tissues,  (4)  organs,  (3)  organ  systems,  (6)  organisms,  (7)  populations, 
(8)  coosunltles,  (8)  ecosystems,  (10)  biosphere.  Ecology  is  largely 
concerned  with  levels  7  through  10,  although  knowledge  derived  from  the 
lower  end  of  the  spectrum  is  necessary  for  many  problems  that  exist  at 
the  higher. 
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The  biological  envlronipent  ia  an  inter-related  complex  Involving  such 
things  as  soil,  water,  climate,  plants  and  animals.  In  the  large-scale 
destruction  following  a  nuclear  war,  Inmedlate  effects  may  set  up  a  chain 
of  events  that  will  make  the  environment  hostile  for  man  because  of  an 
intermediate  or  end  result  far  removed  from  the  original  damaging  event. 

A  simple  and  classical  example  of  this  principle  Is  demonstrated  by  the 
environment  of  the  Eskimo*  If  by  some  mechanism  we  were  to  kill  off  in 
northern  waters  the  microscopic  form  of  life  known  as  algae,  the  biological 
food  chain  would  deteriorate  and  disappear  right  on  up  the  line  to  the 
larger  suilaals  (such  as  sesds,  walruses,  etc.)  which  the  Eskimo  requlrts 
for  hit  existence.  Killing  the  algae  leads  to  the  same  end  as  kiUli^ 

(p\ 

those  mamsials  and  fish  which  he  needs  to  support  himself.'  ^ 

The  interactions  of  living  organtes  and  their  relationships  to  the 
environment  make  up  a  dynamic  system,  with  living  and  non-living  substaikcea 
being  moved  about  in  what  is  known  ns  an  ecosystem.  This  is  the  fundamental 
unit  of  ecology,  and  it  is  within  this  unit  that  we  will  be  looking  for 
problems  relating  to  post -attack  survival  and  recuperation.  Nuclear 
war  might  conceivably  lead  to  ccwplete  aterlllzatlon  of  life  in  a  particu¬ 
lar  area  (e.g.,  from  radioactive  materials)  or  a  selective  removal  of 
one  or  more  essential  biotic  elcmcnte,  which  could  have  significant  se¬ 
quential  effects  (e.g.,  ree  val  of  higher  plants  leadlr^  to  erosion  and 
floods). 

Whenever  vr  wish  to  evaluate  an  ecosystem  (e.g.,  a  pond,  lake,  farmii^ 
region  or  forer  .),  It  is  convenient  to  think  of  it  as  havlttg  four  caeq>ooent 
parts: 

1-  Abiotic  substances:  These  are  the  basic  inorganic  and  organic 


factor*  In  the  environment.  ( In  a  Inrger  Bf»nr.e  ve  Include  also  tne  phy  1 - 
cal  aspects  of  the  environment  such  an  climate  and  terrain.) 

2.  Producers:  These  are  the  organisms,  largely  green  plants,  which 
are  able  to  manufacture  food  from  simple  Inorganic  r.ubnt.anceB . 

Conaumers :  These  are  tne  organisms,  chiefly  animals,  which 

ingest  other  organisms  or  particulate  organic  matter - 

U.  Finally  there  are  the  decomposers:  These  are  chiefly  bacteria 
and  fungi  which  break  down  the  complex  compounds  of  dead  protoplasm  and 
recycle  the  simpler  substances  for  use  by  the  producers. 

It  is  Important  to  realize  that  we  in  the  U.6.  are  in  some  sort  of 
rough  equilibrium  with  moat  of  our  ecosystems.  There  is  a  flow  of  food, 
fibers,  etc.,  into  the  economy  of  man.  There  are  also  various  levels  of 
control  over  hamful  aspects  such  as  disease  and  infestation.  Prevention 
of  animal  and  plant  disease  involves  ecological  principles.  The  insect* 
borne  diseases  are  also  a  major  concern.  Disturbiuvces  f  established 
relations  could  lead  to  serious  unexpected  consequences  for  man. 

An  interesting  example  of  the  creation  of  a  problem  and  an  equally 
interesting  solution  is  reported  by  J.  Van  Veen^^^  on  the  Zuyder  Ze« 
reclamation  project.  When  the  Zuyder  Zee  was  diked,  It  turned  into  a 
fresh'water  lake.  This  newly  created  environment  consisted  of  new  land 
plus  fresh  water  where  only  salt  water  had  existed  before.  As  new  biotic 
relationships  developed  in  the  area,  the  mosquitoes  took  over  in  the  form 
of  a  plague.  Although  they  did  not  bite,  they  were  sc  numerous  that  they 
even  covered  autcxmobile  wlDdahields  to  the  point  of  making  driving  la- 
possible.  The  answer  to  this  problem  was  provided  by  an  ecologist.  Ckt!.- 
sids  the  locks  millions  of  eels  lay  asleep  In  the  sand  during  the  day. 
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Opening  the  locks  for  shipping  at  night  rather  than  during  the  day 
alloved  the  eels  (avidly  hungry  for  fresh-water  food)  to  pass  Into  the 
Zuyder  Zee  and  consume  the  mosquito  larvae.  This  resulted  in  fattened 
eels  of  Inc reaped  value  to  the  flphennan  and  an  end  to  the  mosquito 
plague . 

Another  interesting  exaaiple  Involving  insects  Is  the  population 

« 

''scillatlon  of  the  locust  In  the  Middle  East.  The  locust  lives  in 
desert  or  semi -arid  country  and  In  mofJt  years  Is  non-mlgratory  and  eats 
no  crops.  Ac  intervals,  dependlr^  possibly  on  climatic  variations,  the 
population  density  greatly  increases.  The  locust  actually  undergoes 
anatomical  changes;  such  as  the  development  of  longei  wings,  and  starts 
to  emigrate  Into  cultivated  lands,  eating  everything  in  its  path.  This 
is  the  type  of  phenomenon  which  could  occur  In  the  disturbed  conditions 
of  our  postwar  environment,  and  the  risk  of  insect  infestation.  Its 
consequences,  and  amelioration  should  be  studied  in  detail. 

The  main  direct  effects  of  nuclear  weapons  on  various  ecosystems  of 
concern  to  man  are  fJre  and  fallout  radiation.  Fire,  of  course,  will 
have  a  direct  efftet  by  burning  forests,  grasslands,  wildlife  and  live- 
stock.  The  indirect,  consequences  of  this  must  also  be  examined.  Radia¬ 
tion  will  affect  various  species  of  plant  and  animal  life  directly,  and 
dlfleient  results  may  be  expected  at  various  levels  of  radiation.  Another 
effect  of  radiation  Is  the  passage  of  isotopes  through  tne  food  chain 
to  final  deposition  in  man.  A  great  deal  of  attention  has  been  given  to 


:;ee  page  I'S  of  Ref.  1. 

•  • 

And  while  we  have  always  had  fires  to  contend  with,  in  a  nuclear  war 
they  will  be  .i  for  beyond  any  previous  experience. 


this  effect  because  of  the  interest  in  fallout  from  tests  and  its  hasardn 
to  asm*  Hoverer,  ve  want  to  examine  this  problem  from  a  broader  ecological 
point  of  view  and  assess  such  radiation  hazards  aa  the  possibility  of 
the  soil  becoming  sterilised  through  the  destruction  of  decomposers,  the 
destruction  of  crops,  or  the  upsetting  of  population  balance  between  two 
life  forms  because  of  differential  radiosensitiwity . 
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III.  FIRE 

The  first  discussion  of  Isirge-scale  fire  from  nuclear  weapons  from 

an  ecological  point  of  riev  is  the  Congressional  testimony  of  John  R. 

(2) 

Wolfe  of  the  Atomic  Energy  Comnlsslon.  The  following  q[Uotation  is 
from  this  source.  It  is  given  in  its  entirety  because  of  its  importance 
as  a  pessimistic  viewpoint. 

"Fire,  for  example  in  the  dry  season  of  m.ld-October>  would  spread 
over  enormous  areas  of  dry  western  coniferous  forests  and  in  the  grass* 
lands,  with  concomitant  destruction  of  living  resources  and  their  habitats. 
It  is  most  likely,  in  ay^lnion,  that  these  fires  would  go  unchecked, 
until  quenched  by  the  winter  snows,  spreading  over  hundreds  of  thousands 
of  square  miles.  In  eastern  United  States,  the  dry  oak  and  pine  forests 
of  the  Blue  Ridge  and  Appalachians  from  Rew  England  to  Virginia,  adjacent 
to  multiple  detonations,  would  undergo  a  like  fate,  as  well  as  the  pine 
on  the  southern  Atlantic  and  Oulf  coastal  plains.  In  the  agricultural  land 
of  the  Mississippi  Valley,  with  the  crops  harvested,  fire  is  likely  to  be 
more  local,  less  severe,  but  wide  spread." 

"With  the  coming  of  spring  thaws,  especially  in  the  mountains,  melt 
water  from  the  mountain  glaciers  and  snowfields  would  erode  the  denuded 
slopes,  flood  the  valleys,  in  time  rendering  them  uninhabitable  and  un- 
exploitable  for  decades  or  longer.  Removal  of  the  turf  by  fire  and  erosion 
on  plains  and  prairies  would  result  in  uncheckable  erosion  by  wind,  with 
subsequent  expansion  of  present  "dust  bowls"  and  creation  of  new  ones  of 
wide  extent.  Emergency  overgrazing,  and  cultivation  (if  there  were  those 
to  work)  would  weak  further  havoc. 
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"Thl*  seems  a  simple  concept  but  the  effects  are  Indescribable  In 
their  Immediate  implications,  almost  incalculable  in  their  lingering 
results  before  ecological  processes  attain  ascendency  and  begin  the  long 
march  back  to  equlllbritim.  It  would  be  almost  ludicrous  to  assess  present 
losses  of  natural  living  resources  resulting  from  cigarette  butts  and  cang) 
fires  against  those  that  would  be  generated  by  surface -detonated  nuclear 
devices,  the  latter  augmented  by  absence  of  any  effort  or  control. 

** Along  with  fire,  flood,  and  erosion,  which  would  also  decrease  pro¬ 
ductivity  of  the  landscape  or  render  it  inaccessible  to  people  in  un- 
contamlnated  refugla  would  come  intensification  of  disease,  plant  and 
animal,  including  man. 

"The  immediate  physical  effects  (other  than  radiation)  could  be 
particularly  catastrophic  in  such  areas  as  the  Los  Angeles  watershed, 
where  the  city  is  almost  surrounded  by  vegetation  susceptible  to  the  in¬ 
roads  of  fire. . 

As  indicated  by  the  above  testimony  the  effects  of  fire  will  depend 

upon  the  time  of  the  year  and  the  nature  and  extent  of  the  enemy  attack. 

It  is  pessimistic  testimony  in  the  sense  that  it  omits  any  discussion  of 

preventive  planning  (this  was  not  actually  called  for  by  the  Congressional 

comnittee ) .  It  is  certainly  conceivable  that  large  "fire  breaks"  could 

be  created  by  planned  cutting  during  commercial  logging  operations. 

Forest  management,  in  other  ways,  might  contribute  to  limiting  damage. 

(U) 

Garren'  '  states  that  "much  evlAence  indicates  that  fire  is  the  main 
factor  responsible  for  perpetuation  and  maintenance  of  longleaf  pine  in  its 
typical  forest  stands."  Fire  is  an  iag>ortant  factor  in  removing  vegeta¬ 
tion  surrounding  the  slow-growing  longleaf  seedlings.  These  seedlings 
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resist  fire  because  growth  Is  concentrated  In  roots  for  the  first  five 
years,  the  buds  are  well  protected,  and  the  barJc  Is  abnormally  thick. 

There  are  types  of  fires  which  destroy  longleaf  pine  seedlings,  but  attempts 
should  be  made,  If  possible,  to  prepare  forest  stands  so  that  they  will 
bum  In  a  manner  most  conductive  to  their  reconstruction.  Heyward^ 
states  that  In  order  to  keep  longleaf  pine  stands  economically  productive, 
hardwoods  (economically  undesirable  trees)  may  be  removed  by  use  of  con¬ 
trolled  fires.  The  possibility  of  preplanning  so  that  the  fires  started 
by  nuclear  weapons  %rlll  actually  be  useful,  at  least  over  parts  of  the 
"spread"  area,  should  be  Investigated. 

Many  areas  of  the  U.S.  are  chaparral  comounlties  (brush  and  woodland 

rather  than  forests).  The  Los  Ai^eles  watershed  is  of  this  type.  Aceord- 

« 

Ing  to  Odum;  chaparral  shrubs  sprout  vigorously  with  the  first  rains  and 

(6) 

then  take  1^  to  20  years  to  gain  maximum  size.  Bweeney^  '  has  studied 
the  effects  of  chaparral  fires  on  vegetation  In  California.  Actually, 
certain  plants  are  so  characteristic  of  burned  areas  that  they  are  referred 
to  as  "bum  species."  His  study  concluded  that:  (l)  the  vast  majority 
of  plant  seedlings  (in  areas  studied)  occurring  on  bums  are  from  viable 
seed  present  In  the  soil  before  the  fire.  (2)  The  dispersal  of  seeds 
from  adjacent  areas  is  not  Important  for  the  new  herbaceous  cover  be¬ 
cause  soli  acts  as  an  effective  Insulator  against  heat  penetration  during 
fires,  the  marked  population  changes  during  the  let,  2ad,  and  ^rd  years 
on  burned  areas  being  due  to  gcrmlnatlve  characteristics  of  the  different 
species.  (3)  Fire  Is  actually  essential  to  the  persistence  of  certain 
herbaceous  species  in  the  flora  of  the  chaparral  regions. 

See  page  ^  of  Ref.  1. 
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Thus  ve  see  that  the  natural  cover  will  reconstitute  Itself  In  the 

chaparral  regions.  The  ^jaount  of  damage  due  to  large-scale  denudation 

and  prior  to  effective  re-covering  may  also  depend  to  some  extent  on  vliat 

ve  do  about  it.  But  the  natural  processes  viU  at  least  Initiate  recovery 

on  their  enm,  although  the  time  spaa  for  this  may  be  unccnnfortably  long. 

There  are  other  suggestions  that  fire  Is  not  always  valueless.  The 

Indians  burned  the  prairies  In  the  interests  of  agricultural  productivity. 

(7) 

The  value  of  fire  on  the  prairies  Is  that  It  destroys  debrla^  '  Forestry 

management  also  suggests  that  light  surface  fires  reduce  the  danger  of 

« 

severe  crown  fires  by  reducing  combustible  litter. 

Thus  I  ve  get  a  glimpse  of  the  need  for  research  on  fires  as  well 
as  on  grassland  and  forest  practices  idilch  might  effectively  limit  damage 
and  favor  recovery  of  these  areas  to  their  natural  state. 


# 


See  page  I56  of  Ref. 


1. 
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IV.  RECOWSTITirriON  OF  THE  ETWIRONMEHT  DAMAGED  BY  FIRE 


The  large-scale  fires  envisioned  in  the  prevlcun  section  could  make 
barren  large  areas  of  forest,  woodland,  grassland,  and  agricultural  crop¬ 
land.  We  have  already  indicated  hcrw  certain  forests  and  woodlands  are 
self -reconstructing  because  of  the  survival  of  seed  in  the  earth.  However, 
we  want  to  look  more  closely  at  this  phenomenon  of  biotic  recovery.  We 
are  interested  in  natural  recovery,  In  intervention  by  man-made  agencies, 
and  in  the  tine  scale  and  output  value  in  economic  terms. 

When  areas  are  severely  damaged,  whether  or  not  they  come  back 
naturally  depends  In  part  on  the  degree  of  damage  and  the  subsequent  chain 
of  events,  both  physical  and  climatic. 

A  local  area  of  exenplaxy  Interest  Is  the  Copper  Basin  of  Tennessee,'  ' 
where  fumes  from  a  copper  smelter  have  killed  all  the  rooted  plants  over 
a  large  area.  Attempts  to  reforest  this  area  have  not  yet  succeeded. 

The  erosion  and  the  accompanying  changes  in  the  microclimate  of  the  area 
have  combined  with  the  originally  destructive  forces  to  create  a  desert 
where  the  land  has  become  too  hostile  for  even  artificial  reconstruction 
by  conventional  techniques. 

It  Is  thus  possible  to  allow  des'  .uctlve  processes  to  proceed  to  a 
"point  of  no  retura"  unless  one  envlseges  Herculean  atteapts  at  recon¬ 
struction.  It  Is  hoped  that  the  U-S.  will  prepare  itself  to  prevent  this 
from  happening  over  most,  if  not  all,  of  the  laxMis  which  may  be  damaged 
In  a  nuclear  war. 


See  also  page  17  of  Ref.  1. 
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The  drought  of  the  "thirties*'  In  the  U.S.  created  a  dust  bowl  In  th"> 
Middle  Vest*  The  extreme  lack  of  moisture,  dust,  and  erosion  killed  off 
much  of  the  plant  cover*  Overgrazing  and  grasshopper  hordes  added  to 
the  destruction  of  plant  life.  The  extent  of  the  damage  Is  shown  In 
Table  1.^^^ 


Table  1 


DISTRIBOTIOW  or  GROUND  COVER  IN  DROOSITr  (MIDDLE  WEST) 

Percentage  of  Total 
Rai^e  Area 

Percentage  Cover 

(exclusive  of  weeds) 

l6 

21  or  more 

16 

U-20 

26 

6-10 

16 

2-5 

24 

1 

100 

The  loss  of  ground  cover  over  a  period  of  eight  years  was  recouped 

fairly  veil  in  a  short  period  of  tla»  when  proper  aolsture  conditions 

again  prevailed*  Figure  1  plots  the  extent  of  daoage  and  subsequent 

(7) 

recovery  taken  directly  from  Weaver  and  Albertson.  Tills  Is  another 
Illustration  of  large-area  recovery  on  a  natural  basis  after  considerable 
daoage* 

We  olght  mention  hers  that  much  work  Is  being  done  to  assist  natural 

(9) 

processes  In  the  recovery  effort*  KlUough'"  reports  Interesting  work 
on  the  use  of  the  airplane  In  reseeding  depleted  and  bumed-out  sooas  of 
rai^e  land.  This  Is  a  fast  method  and  can  be  used  for  covering  large 
areas,  but  flurther  research  Is  needed  (which  apparently  Is  going  on  now). 


Per  cent  of  bosof  cover 


the  short-gross  type  during  drought  ond 


increase  during  recovery  ofter  drought 
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Another  matter  of  Interest  to  us  Is  the  Improvement  of  brush  land. 
After  fire  damn^e  it  might  be  well  to  bring  back  the  land  to  a  different 
and  more  productive  state.  Love  and  Jones^^^^  have  described  methods 
for  improving  brush  lands  by  converting  them  to  more  valuable  grasslands. 
Fire  may  be  used  to  Initiate  this  process,  and  procedures  of  machine 
clearing,  artificial  seeding,  timing  of  planting,  etc.,  have  been  worked 
out.  A  six-year  program  of  brush-land  reclamation  is  given  in  this 
reference . 

Watson,  reporting  in  a  FAO  Pulletin,  discusses  improved  grassland 
management . ^ ^  The  er.centiai  features  ore:  (1)  weed  control,  (2)  culti¬ 
vation  of  Improved  seed,  (3)  fertilizer,  and  (U)  grazing  managesient. 

He  states  that,  with  modem  procedures,  it  is  possible  to  establish  a 
close  and  rich  grassy  surface  of  land  in  4  to  5  months.  Such  an  area 
can  be  so  managed  that  it  will  be  highly  productive  for  3  to  5  years. 

After  3-5  years  the  soil  w:  I  have  become  sufficiently  enriched  to  su]^rt 
heavy  crops  of  grains,  etc. 

The  state  of  Israel  has  recently  undert.aken  the  re-establishment 
of  plant  coacrunltlee  on  severely  damaged  land.  Over  large  areas  of 

damaged  land,  uncult ^ vatable  for  centuries,  new  range  cover  has  been 
provided  which  will  support  livestock.  New  forests  have  been  started  by 
the  planting  of  37  sillllon  trees.  There  is  a  basic  program  for  develop¬ 
ing  soil  and  water  resources.  The  Irarsediate  repair  and  prevention  of 
erosion  Is  followed  by  the  replanting  of  niitlve  plants  and  imported  seeds. 
The  program  calls  lor  the  additional  plnntin<t  of  250  million  trees, 
native  arid  imported ,  In  the  n»’Xt  ten  years. 
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The  iBrnell  experience  suggests  that  we  nnke  plains  for  the  recovery 
of  expected  damaged  lands.  The  possibility  of  the  use  of  stored  seeds, 
imported  seeds,  and  natural  processes  should  all  be  considered. 

The  Introduction  of  imported  species  of  plants  (or  animals)  as 
suggested  above  requires  a  word  of  caution.  A  species  Introduced  Into 
a  new  environment  may  fall  entirely  or  completely  overrun  the  place  and 
so  become  a  pest.  In  general,  it  is  better  to  use  native  species.  How¬ 
ever,  If  the  native  forms  have  not  survived,  introduction  of  a  new  species 
adapted  to  the  new  environment  may  be  In  order. 

In  some  forest  regions  the  valuable  trees  are  climax  (final  type  In 
plant  succession  for  the  area),  and  the  problem  following  devastation  will 
be  to  speed  the  return  of  the  climax  crop.  In  other  regions  the  valuable 
species  are  not  climax,  and  the  problem  will  be  to  manage  the  area  during 
reforestation  ao  that  It  will  continue  to  maintain  the  desired  characterlB> 
ticii.  In  current  practice,  as  old  forests  are  replaced  by>oung  ones,  the 
coal  la  to  have  the  area  produce  on  a  continuous -yield  basla.  Ve  should 
be  prepared  to  exerclae  th.  •  type  of  management  during  the  reconstitution 
of  foresta  foU'^ng  a  nuclear  war. 

Along  with  the  re-establlahnmnt  of  range  land  it  will  be  necessary 
to  rebuild  livestock.  Heference  Is  made  here  to  a  report  by  Haonond, 
which  Illustrates  sexae  of  U..;  problems  occurring  during  the  building  up 

(15) 

of  livestock  in  Europe  after  World  War  II.  The  main  requirements 

for  the  bulldi4>  were:  (l)  speclailied  breeding  farms,  (2)  veterinary 
services  to  cut  down  losses  on  farms,  (5)  edvKatlon  of  farmers,  (U) 
concentration  on  production  rather  than  on  maiketlr.g,  etc.  Hammond  also 
discusses  the  problem  of  the  s^ot  efficient  utlllxatloa  of  miiterlals  for 


See  page  k5^  of  Hef.  1. 
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conversion  to  animal  products.  His  results  are  shown  In  Table  2,  repro 
duced  here  frc  .1  his  article. 

Table  2 

EFFICIENCY  OF  FEEDINGSTUFFS  CONVERSION  FOR  DIFFERENT 
ANIMAL  PRODUCTS  (PERCENTAGE  UTILIZATION) 


Product 

Protein 

Energy 

Milk  (5  lactations) 

17 

30 

Eg<58  (3  years  at  1**^0  per  yr) 

55 

22 

Poultry  meat  (3-l/2  lb  live  wt) 

18 

lU 

Pig  meat  (,-JO  lb  live  vt) 

13 

Uo 

Pig  meat  (lOO  lb  live  vt) 

15 

36 

Beef  (1250  lb  live  wt) 

7 

15 

Lamb  (90  lb  live  wt) 

6 

10 

From  this  table  it  will  be  seen  that  milk,  eggs,  poultry,  and  pig  meat 
are  the  most  economical  forms  of  animal  production.  However,  It  must  be 
remembered  that  the  food  of  the  cow  is  mainly  unsuitable  for  human  con¬ 
sumption  while  food  of  pig  and  fowl  could  be  made  directly  useable. 

This  brings  us  to  consider  the  ecological  principle  that  the  shorter 

« 

the  food  chain,  the  more  people  who  can  live  off  a  given  area  of  land. 
Three  types  of  hypothetical  "alfalfa calf boy”  food  chain8--quantity, 
weight,  and  energy  -are  shown  In  Table  ).  These  figures  are  based  on 
cultivation  of  10  acres  for  one  year.  Only  calories  converted  to  biomass 
are  shown  in  the  energy  column;  energy  used  in  respiration  is  not  Included. 


« 


See  pages  52-66  of  Ref. 


1. 
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Table  5 

ECOLOGICAL  PTRAfCLS  FOR  HTPOTHETICAL 
ALFALFA -^CALF—>BOT  FOOD  CHAINS 


ijuantlty 

Weight  ( lb lEnei^  ( cal) 

Boy 

1 

105 

8.5  X  10^( Hunan  tissue 
added) 

Calf 

4.5 

2,250 

6 

1.19  X  10  (Beef  produced) 

Alfalfa  Plants 

2  X  10^ 

17,850 

1.4  X  10*^ 

Sunlight 

Received 

m  m 

6.3  X  10^® 

About  90  percent  of  the  energy  contained  In  alfalfa  la  loat  In  the 
converaion  to  beef.  Thus  we  can  eee  the  extent  to  which  a  vegetarian 
existence  would  allow  more  people  to  exist  per  unit  of  land  if  the  plant 
life  were  edible  for  man. 

Most  of  the  discussion  thus  far  on  the  problems  relating  to  reconsti* 
tutlon  of  the  biotic  environment  are  tied  in  with  the  use  of  laiMl,  whose 
management  is  a  very  significant  aspect  of  applied  ecology.  Land  managers 
classify  land  in  terms  of  natural  ecological  features  such  as  soil,  slope 
and  natural  blctlc  community.  Each  land  type  has  definite  uses  wblch  oan 
be  sustained  without  loss  of  productivity.  Type  I  and  II  land  can  be 
continuously  cultivated  with  simple  precautions  such  as  crop  rotation  and 
strip  cropping.  Types  III  and  IV  require  increasing  restriction  for 
maintenance.  Types  V-VII  are  not  suitable  for  cultivation  and  should 
be  useu  for  permanent  pasture  or  forest)  Type  VIII  is  productive  only  in 
its  natural  state  as  a  habitat  for  game.  Perhaps  the  time  has  come  for 
taking  Inventory  of  our  land  for  use  against  possible  postwar  damage  and 
plane  for  reconstruction. 

**8ee  page  452  of  Ref.  1. 
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V.  RADIATION 


Two  problems  nre  raised  by  the  presence  of  radioactive  ntateriel  In 
an  environment.  There  Is  the  effect  on  Individuals  and  populations, 
the  more  or  less  essential  components  of  an  ecosystem.  The  total  radia¬ 
tion  effect,  then,  will  depend  upon  the  total  response  of  the  ecosystem- 
The  second  problem  relates  to  the  passage  and  concentration  of  particular 
Isotopes  throtigh  food  chains  leading  to  selective  hazards  to  man  and 
possibly  to  particular  organisms  of  vital  interest  to  the  human  ecnnooy. 

Natural  radiation  {chiefly  from  U-235#  U-238,  Ra-226,  Th-232, 
and  affects  biological  material  and  In  one  vay  or  another 
(e.g.,  mutation  effects)  is  an  Integral  part  of  the  equilibrium  of  xlfe, 
whether  of  one  generation  or  of  all  evolutionary  history.  The  levels 
of  radiation  ve  vlU  be  concerned  with  In  the  post>attack  environment 
will  far  exceed  these  natural  radiations  for  a  limited  period  of  time, 
and  new  responses  will  appear  at  these  higher  levels.  Whether  or  not 
radiation  will  create  ecological  problems  will  depend  upon  the  level  of 
radiation  in  an  area  and  the  relative  sensitivities  of  li..  orms  in 
any  particular  ecosystem. 

There  is  a  tremendous  range  of  radiation  dose  which  enconpasses 
phenomena  of  ecological  Interest.  Table  4,  Indicating  an  overall  range 
of  ^0  to  1,000,000  roentgens  (r).  Implies  that  minor  effects  (such  as 

reduction  in  fertility)  In  mammals  may  be  measured  at  the  lover  dosage 

« 

whereas  In  excess  of  1,000,000  r  would  bo  needed  to  kill  bacteria. 


*8ee  pages  452-486  of  Ref.  1. 
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Tablt  h 


DOSE  RANGE  IN  R  FOR  EFFECTS  OF  POSSIBLE 
ECOLOGICAL  SIGNIFICANCE 


Maranals 
Insects 
Seed  Plants 
Bacteria 


50  -  1000  + 

200  -  100,000  + 
500  -  50,000  + 
1000  -  1,000,000  + 


It  is  also  Inportant  to  knov  the  extent  of  radiosensltlvlty  of  one 

species  during  different  phases  of  its  life  cycle.  Tables  5  and  6  give 

data  for  Drosophila  and  barley  and  Illustrate  the  need  for  correlating 

the  radiation  dosage  to  the  life  cycle  of  the  particular  species  In  order 

« 

to  deterulne  the  net  effect. 


Table  5 

RADIOSENSITIVITY  OF  DROSOPHILA 


Stage  In  Life  Cycle 


Dose  (r)  of  X-rs^e** 


Embryo 

(5  Hours) 

170  -  200 

II 

(4  Hours) 

500 

If 

(7*5  Hours) 

610 

Pupa 

2600 

Adult 

65,000 

«• 

50 

•  dose  of  radiation  lethal  for  50 

*Ibld. 
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Table  6 


RADIOSENSITIVITY 

OF  BARLEY 

Stage  Irradiated 

Percent  Affected  by  Single 
Doses  of  50-250  r  X-rays 

Histologically 

Qerml nation 

1-2  cell  embryo 

20 

20 

3-0  cell  embryo 

4l 

19 

Pro-embryo 

65 

9 

Late  pro -embryo 

65 

1 

Differentiating  embryo 

12 

9 

The  reproductive  behavior  of  a  epeclee  siuat  also  be  considered  In 
aeseeelng  effects.  Bacteria,  for  exosqple,  irlll  repopulate  an  area  very 
quickly  even  though  a  small  muaber  survive. 

It  Is  also  worth  mentioning  that  small  organisms  might  be  killed  by 
external  beta  radiation  which  would  cause  only  local  surface  lesions  In 
large  animals. 

(lU) 

The  data  presented  In  Table  7  from  Sparrow  and  Christensen'  ’  show 
the  widespread  differences  In  radloscnsltlvity  of  several  species  of  seed 
plants.  There  Is  a  demonstrated  range  of  200  times  for  differences  In 
sensitivity  to  chronic  exposure  to  gamma  rays  as  measured  by  the  Indicated 
effect  (mild  or  severe). 
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Table  7 


TOLERANCE  OF  VARIOUS  PLANTS  TO  CHRONIC 
OAMMA  RADIATION 


Effect  at 


Plant 

Common 

Description 

Minimum 

Exposure 

(weeks) 

Indicated  Dose  Rate 

Mild  Severe** 

Lilium  longifloruin 

Lily 

15 

20(?) 

30 

Tradescantla  paludosa 

Spider-wort 

15 

20 

4o 

Vida  faba 

Bean 

15 

6o 

90 

Inpatiens  sp. 

Snapweed 

18 

60 

90 

Melilotua  officinalis 

Sweet  Clover 

ll* 

100 

240 

Ricotifluoa  rustica 

15 

100 

300 

Datura  stramonluffl 

Jlmson-veed 

7 

110 

560 

Gossypium  hirsutum 

Cotton 

15 

110 

250 

Dahlia  (hybrid) 

10 

no 

275 

Althea  rosea 

Hollyhock 

12 

120 

250 

Lusula  purpurea 

Wood  Rush 

10 

125 

500 

Chrysantbemum  (hybrid) 

18 

lUo 

250 

Lactuca  sativa 

Lettuce 

7 

180 

600 

Chenopodlum  album 

Lambs-quarters 

15 

250 

450 

Antirrhinum  majus 

Snapdragon 

18 

250 

400 

I^opersicon  esculentum  Tomato 

15 

250 

400 

SolaTium  tuberosum 

Irish  Potato 

10 

500 

600 

Petunia  hybrids 

10 

500 

700 

Lupinus  albus 

Lupin 

12 

400 

- 

Allium  cepa 

Onion 

18 

4oo 

800 

Llnum  usltatiesiwuB 

Flax 

10 

600 

uoo 

Digitarla 

Crabgrass 

12 

1000 

1800 

Brassica  oleracea 

Broccoli 

10 

1400 

2500 

OladloluB  (hybrid) 

8 

4100 

6000 

*Dofe  rate  Is  In  roentgens/^U-hr  day;  hovever,  the  actual  dosage/ day 
averaged  about  90  °/o  of  the  dose  rate  sbovn« 

•« 

This  dose  rate  is  not  necessarily  the  lovest  rate  which  %nil  produce 
a  severe  effect. 
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The  effect  of  Irradiating  seedlings  of  various  plants  was  denonstratad 

C 15) 

hy  Osborne  and  Bacon.  Their  results  are  susnarlted  In  Table  8  and  show 
a  range  of  ;XXX)-100,000  r  for  a  grofwth  reducing  endpoint. 


Table  8 

RESPONSE  OF  DORMANT  SEEDS  TO  TARTINO  DOSES  OP  CQBADT-60 
OMMA  RATS  AS  MEASURED  BT  SEEDLINO  OROHTR  IN  A  OREENROUSE 


Plant 

Rye 

Cotton 

Peanut 

Rye 

Bcuriey 

Oats 

Soybean 

Wheat 

Criaaon  Clover 

Crimson  Clover 

Broccoli 

Alfalfa 

Alfalfa 

Broccoli 

Cabbage 


5,000 

10,000 

10,000 

15,000 

15,000 

15,000 

20,000 

27,500 

50,000 

ll0,000 

^,000 

ii0,000 

55,000 

100,000 

100,000 


Critical  dose  is  the  lowest  dose  reducing 
growth  below  that  of  unirradiated  controls. 


In  inseota  a  flve-foldi  difference  in  the  "sterlliaing  dose”  has  be«i 
«• 

dncmatrated  ae  ahown  in  Table  9. 

**6ee  pages  U52>^i86  of  Ref.  1. 
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Tabit  9 

BTERLIZnfO  RADIATIOIV  DOGS  FOR  VARIOUS  IRSKTS 


Single  Dose  (r)  of  X-  or  Oaaaa-raye 
for  100  ®/o  Sterllzatlon 


Screw  worn  fly 

5000 

Habrabracon  wasp 

7500 

Drosophila 

16,000 

Powder  post  beetle 

32,000 

Tbe  sensitivity  of 


to  radiation  expressed  as  air  dose  in  r 


covers  a  range  with  a  factor  of  about  3  vhen  the  end-point  is  tiD^^30 

ii.ua  mu.  .4.  ...  .4...  4.  lA  (16) 


dayst  The  data  are  given  in  Table  10. 


Table  10 

SERSITIVm  OP  MUMALS  TO  RADIATIOR 

LD  q/30  days 


Species 

Air  ipose  (r) 

Absorbed  Dose 
(rads)  at  Nid-oenter 

Dog 

281 

2kk 

Ouinea  pig 

337 

kOO 

Ooat 

350 

237 

House 

638 

Seine 

510 

2k7 

Sheep 

52*» 

205 

Rat 

6k0 

796 

Bwrro 

651 

256 

Monkey 

760 

5I16 

Rabbit 

805 

751 

nM-?Boi 

?i 


There  are  also  report*  which  Indicate  that  some  level*  of  radiation 

(17) 

•tlmulate  plant  growth.  Thaung  hao  reported  a  atlmulatlng  effect 
of  low  level*  of  both  beta  and  gama  radiation  on  the  growth  and  pro¬ 
ductivity  of  rice  plant*.  Seeds  expo*ed  to  1|000  r  of  x-radlatlon  did 
not  show  any  difference  in  productivity  when  compared  to  control*. 

/  ^  Q\ 

Russian  workers' '  have  reported  Increased  yields  for  various 
plants  as  shown  In  Table  11. 


Table  11 


DICREABE  IN  PLART  YIELD  III  RESPONSE  TO  RADIATICW 


Plant  Seeds 

Radish 

Carrot 

Ry« 

Peas 

Cucumbers 

Tomatoes 


pQsageCr) 

1000 

2OOO-UOOO 

1000 

500 

500 

1000 


Increased  Yield 

U-33  7o 
26  ®/o  (carotin) 

♦  result 

♦  result 

♦  result 

♦  result 


This  brief  survey  on  conq^ratlve  radlosensltlvlty  should  enable  one 
to  appreciate  the  difficulty  Involved  la  assessing  total  radiation  effects 
However,  for  any  particular  level  of  nuclear  attack  the  fallout  contour 
patterns  should  Indicate  whether  the  levels  of  serious  consideration  for 
ecological  effects  are  being  approached. 

A*  part  of  the  necessary  knowledge  for  handling  post -attack  problems, 
the  catalogue  of  cotoparatlve  radlosensltlvlty  will  have  to  be  coasiderably 
expanded.  This  knov\edge,  combined  with  data  on  the  passage  and  coneentrs 
tlon  of  Isotopes  through  various  food  chains  and  food  webs,  may  eventually 
lead  to  reasonable  predictability  of  radioecologlcal  effect?.  In  complete 
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detail,  certainly,  this  la  a  lon«  vay  off.  Belectively,  for  Iteraa  of 
great  concern  (e.g.,  feed  crops,  certain  Insect  problems,  rat  Infestations 
etc.),  concentrated  research  nay  be  helpful  In  the  xvasonably  near  future. 
In  any  event.  It  Is  Important  that  knowledge  be  made  available  if  a 
serious  Civil  Defense  program  Isetrer  initiated  against  large  scale  attacks 

The  waste  disposal  problem  at  Oak  Hldge  has  led  to  ecologlced  studies 
of  White  Oak  Lake  and  White  Oak  Creek.  The  region  of  highest  contamina¬ 
tion  has  only  half  as  many  genera  as  the  uncontamlnated  regions.  Only 
part  of  this  effect  can  be  attributed  to  the  Increased  radioactivity  as 
heavy  sedimentation  also  occurred  in  the  highly  contaminated  portions  of 
the  system.  It  was  found  that  some  of  the  aquatic  organisms  concentrated 
radlophosphorus  by  factors  greater  than  100,000. 

A  survey  of  the  vertebrates  showed  some  evidence  of  radiation  damage. 
Two  species  of  fish,  the  white  crapple  and  the  redhorse,  seemed  to  be  dis¬ 
appearing  from  the  lake.  The  total  ladlatlon  dose  rate  received  by  the 
fish  was  at  least  57  rep  per  year  from  external  radiation  and  probably 
several  times  that  amount  from  Internal  radiation.  The  fish  pop\ilatlon 
appear  to  be  undergoing  a  slowing  of  growth  and  a  shortening  of  life. 
Considerable  concentration  of  radio-elements  was  found  in  the  tissues  of 
the  fish.  The  accumulation  of  radioactivity  was  variable  In  other  vate- 
brates-  Bullfrogs,  snakes,  and  herons  were  not  very  radioactive,  while 
turtles  and  migratory  fowl  were.  Muskrats  and  woodchucks  were  more  radio¬ 
active  than  raccoons  and  squirrels-  One  muskrat  had  a  s,^  content  of 
1  uc  per  gram  of  bone  (100  uc  totail  body  burden)  anl  developed  an  osteo¬ 
genic  snreoat. 


Most  of  this  section  Is  taken  from  the  chapter  on  Radioecology  by 
R.  Buchsbaum  in  Reference  19 . 


Th«  total  radiation  do*«  rec^lvad  by  any  of  th*  organisms  In  White 
Oak  Laka  la  not  kDOvn>  An  eatlseite  of  an  external  dose  rate  of  1.1  rep 
par  waak  haa  bean  mada.  The  ovaral!  effect  of  this  dose  rate  plus  the 
Internal  Isotope  contribution  vs >5  evldenea  of  a  deterioration  of  the 
orarall  fitness  of  the  papulation. 

The  Baaford  studies  are  also  c«<ncamed  vlth  the  effects  of  radio- 
actlTlty  placed  In  the  anrlronsMnt.  This  vork  points  up  the  principle 
that  a  non*lathal  Initial  distribution  asy  ha  concentrated  to  lethal 
proportions  along  a  food  chain,  depending  upon  the  aetabollsa  of  the 
organlsau  InTalrad.  Soan  lUustratl'rs  data  on  the  fate  of  put  In 
the  Colusiila  River  is  given  la  Tables  12  and  13 

Table  12 

RBUTIVB  CCUCKRTRATIdf  OF  I*  "rOIWOlA  RTVIR  KOBTSTEM" 
Concentration  Along  Aquatic  Food  Chain 


Biotic  Fons 

Relative 

Concentration 

Water 

1.0 

norto  plankton 

1000 

Aquatic  Insects 

300 

Bass 

10 

Table  13 

III  BIOTA  Dl 

RROIOR  OF  COUJMBU  RIVBR 

Biotic  Torm 

Relative  Cooeen*ratl<m 

Veter 

1.0 

Vegetation 

0.1 

Insects 

0.1 

Vertebrates 

7300 

M 

1 

• 

• 

1 

200,000 
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The  highest  eoncentretlon  of  P  in  the  geese  and  duck  egge  as  shown 
in  Table  9  still  not  enough  to  reduce  hatchabillty .  The  point,  how¬ 
ever,  Is  that  at  initial  concentration®,  which  would  not  make  the  water 
unsafe  for  sann  to  drink,  eggs  oi  birds  would  undoubtedly  be  injured. 

This  iHustrates  that  ecological  concentration  isust  be  taken  into  account 
before  concentration  of  radio  elements  can  be  declared  harmless. 

Another  large  radioecology  field  program  as  been  started  in  Georgia 
under  the  direction  of  R.  B=  Platt  of  Emory  University  In  conj«mctlon  with 
the  Lockheed  Aircraft  This  study  is  being  carefully  planned  and 

the  ecology  of  the  region  to  be  Irradiated  is  underway*  There  are  few 
published  results,  but  the  program  shoul^d  be  well  worth  following  over 
the  years. 
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VI.  RgcowsTinrriow  of  the  land  subjected  to  radioactivk  faltxxjt 


Ov«r  mo8t  of  the  land  (forest,  chaparral,  grassland),  time  la  the 
only  recourse  for  reducing  radiation  to  a  semblance  of  Its  original  level. 
Natural  decay  of  Isotopes,  leaching  and  fixation  In  the  soil,  and  washing 
away  will  bring  about  an  eventual  return  to  low  levels  of  radioactivity. 
There  appears  to  be  but  one  Item  for  man’s  consideration  concerning  the 
radiation  level.  If  reseeding  or  restocking  Is  to  be  attempted  the 
introduced  material  should  be  relatively  unaffected  by  the  existing  and 
projected  radiation  profile. 

The  possibility  of  actively  reconstituting  land  for  biologically 
productive  use  following  radioactive  feillout  would  seem,  for  economic 
reasons,  to  be  restricted  to  croplands.  The  woric  of  the  U.S.D.A.  on 


this  problem  is  important. 

In  areas  where  cropland  Is  rendered  unfit  for  growing  food  for  huiaan 
consumption,  Sr^°  will  probably  be  the  principal  contamlnent .  VOiere 
reaches  significant  levels,  the  initial  external  dose  rate  may  be 
300-5000  r/hr.  Work  here  will  have  to  be  curtailed  for  a  considerable 
period  of  time  until  the  dose  rate  gets  low  enough  to  be  safe  for  men 
to  enter  the  area. 

The  possible  methods  for  handling  the  6r^^  contamination  Include 
physical  removal  of  topsoil,  removal  of  Sr^^  by  cropping,  and  leaching 
or  fixing  the  It  is  also  possible  to  grow  crops  that  can  be  con¬ 

taminated  without  causing  f’sture  danger  (e.g.,  cotton,  tobacco,  etc.). 


2k. 


The  work  In  this  section  Is  taken  from  References  21,  22,  23,  and 
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The  non-physical  methods  of  removal  are  not  very  promising;  as 

yet.  Chemical  fixation  in  various  precipitates  may  reduce  the  avail¬ 
ability  of  the  element  to  plants.  Various  phosphate  plus  aluminum  and 
fluoride  combinations  nave  been  tested.  Extremely  insoluble  compounds 
are  required,  and  a  suitable  reagent  mixture  has  been  difficult  to  pre¬ 


pare.  Leaching  of 


s.^° 


from  soils  requires  several  tons  of  gypsua  wr 


lime  as  well  as  large  amounts  of  water  and  fertilizer  per  f  '•e.  Cropping 
woxild  require  10-20  successive  crops  under  most  favorable  conditions  to 
obtain  a  significantly  high  percentage  of  removal. 

Physical  removal  of  radioactive  surface  contamination  was  experl - 

lUO 

mentally  studied  using  a  Ba  preparation. 

In  one  experiment  contaminated  soil,  standing  crops,  and  straw 
mulches  were  removed.  The  sod  was  removed  with  a  sod  cutter.  Crops  were 
cut  with  a  mower  and  then  with  a  forage  cropper.  Straw  mulch  was  raked 
away. 

The  decontamination  achieved  by  removal  of  crops  and  mulches  is 
shown  in  Table  lU.  Decontamination  by  removal  of  straw  mulches  is  effec¬ 
tive,  but  in  actual  farming  practice  these  are  worked  Into  the  soil  and 
thus  would  not  be  good  cover,  unless  farmers  altered  their  method.  Re¬ 
moval  of  Bod  was  quite  effective  whereas  removal  of  standing  crops  was 
much  less  so. 

In  a  second  experiment  contaminated  surface  soil  was  removed  with  a 
road  surface  grader.  Silt  loam  and  sandy  soils  were  tested.  The  average 
percentage  of  decontamination  of  baae  aoll  was  60-100  per  cent.  (See 
Table  15)'  Some  plots  were  sprayed  with  an  asphalt  compound  and  then 
scraped,  but  the  removal  of  contaminated  material  was  not  Increased 


appreciably  by  this  method. 
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The  results  shovn  in  Tables  lU  and  15  Indicate  that  decontamination 
of  agricultural  land  can  be  achieved  in  amounts  up  to  better  than  90~ 

99  pe*"  cent.  To  achieve  those  levels  of  resioval,  two  Inches  or  more  of 
topeoJl  had  to  be  removed  in  a  two-step  scraping  process.  It  was  more 
difficult  to  remove  "fallout”  from  rough  plowed  land  and  from  disked  land 
than  from  a  seed  bed.  Lightly  rolling  rough  surfaces  made  decontamina¬ 
tion  easier. 

There  has  been  no  attempt  to  estimate  the  costs  for  large  scale 
decontamination  of  agricultural  landj  but  the  implication  is  that  it  will 
be  high.  Another  problem  still  to  be  solved  is  wtiat  to  do  wi*h  the 
radioactive  soil  that  is  removed.  Burial  in  ditches  near  the  original 
site  is  probably  the  best  solution  now  available. 


Table  14 


PERCLi.*..aE  OF  DECOfTrAMINATlON  BY  REMOVAL  07  CROPS  ANB  MULCHES 


Treatment 


Percentage  Ba-l4o  Removed 


Raking  mulch,  10  T/A 

Raking  mulch,  5  T/a 

Raking  mulch,  2  t/A 

Cutting  and  removing  sod 

Flail  chopping  soybeans  and  some 
soil,  after  mowing 

Flail  chopping  Sudan  grass  and 
some  soil,  after  mowing 

Moving  soybeans 

Moving  Sudan  grass 


100 

97 

94 

94* 

S9* 

6o* 

57 

29 


Least  significant  difference  ( .05)  7 
« 

Only  one  replicate  was  available  for  theee  treatments.  The 
stated  least  significant  difference  therefore  does  not  apply 
to  these  values. 
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VII.  CONCUJDINQ  REMARKS 

We  have  tried  to  show,  in  a  general  way,  and  in  an  ecological  fraaie 
cf  reference,  the  types  of  damage  which  may  occur  following  a  nuclear  attack. 
No  attempt  has  been  made  to  state  either  problem  or  solution  in  detail. 

The  threats  of  large-scale  fires,  erosion,  and  radiation  have  been  pointed 
out.  The  need  for  detailed  biological  and  local  geographical  data  Is 
shown.  When  such  a  catalogue  is  compiled,  studies  relating  these  data 
to  particular  types  and  levels  of  attacks  will  become  feasible. 

Much  information  exists  already  and  needs  only  to  be  collected.  How 
much  additional  expeiimental  and  field  research  will  be  needed  remains 
to  be  seen.  It  is  not  necessary  that  we  concern  ourselves  with  all 
components  of  all  ecosystems.  Selective  concern  for  those  forms  of  life 
most  needed  for  our  survival  should  be  examined  first.  Coincidentally, 
those  forms  which  may  become  unmanageably  destructive  pests,  such  as 
insects,  rodents,  and  weeds,  should  receive  early  priority  for  study. 

Radioecology  is  the  qualitatively  new  consideration,  and  it  is  here 
that  the  greatest  experimental  effort  is  needed.  The  comparative  radio- 
sensitivity  catalogue  must  be  enormously  increased.  Ecological  field 
studies  should  be  instituted.  Radioactive  waste  studies  now  in  progress 
are  valuable,  but  they  ere  not  in  themselves  sufficient. 

The  combined  efforts  of  land -management  experts,  engineers, 
agriculturists,  radloblologlsts,  etc.,  will  be  needed  to  define  and 
handle  the  complex  problems  raised  by  extensive  damage  to  the  biosphere 
from  fire,  radiation,  end  the  concatenated  consequences. 
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